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Description 



SEMICONDUCTOR ACCELERATION 

SENSOR 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to anacceleration sensor, 
and more specifically, to a semiconductor acceleration 
sensor with a low production cost and capable of avoiding 
generating leakage currents, thereby meeting market re- 
quirements. 

[0003] 2. Description of the Prior Art 

[0004] An acceleration sensor is widely applied in seismol- 

ogy,automobilesafety air bag, robotics, and so on. Cur- 
rently, anacceleration sensor in common use includes a 
piezoresistiveacceleration sensor, a piezoelectricaccelera- 
tion sensor, a capacitiveacceleration sensor, and a semi- 
conductor acceleration sensor. 

[0005] Additionally, because sizes of the acceleration sensors are 



reduced gradually, a micromachiningtechnology is devel- 
oped to manufacture various microsensors and microac- 
tuators that are integrated with micro electronic circuits to 
form a microsystem, which is generally called a micro 
electro-mechanical system (MEMS). The MEMS has an ex- 
tremely small size and can be manufactured by utilizing 
batch production for reducing a production cost. In addi- 
tion, the MEMS and a signal processing circuit can be si- 
multaneously formed on a silicon wafer for forming a 
monolithic device, which can reduce a distance between 
an acceleration sensor and the signal processing circuit 
and that is quite important for the acceleration sensor. As 
the acceleration sensor outputs a signal, the signal is 
firstly amplified by the signal processing circuit for pre- 
venting the signal from being disturbed by an ambient 
electromagnetic field, and the signal can be analog- 
to-digital(A/D) converted by the signal processing circuit 
and be transmitted to a central processing unit. Therefore, 
as the distance between the acceleration sensor and the 
signal processing circuit is reduced, signal reliability can 
be greatly improved, and interconnecting lines and loads 
of central control systems can be effectively decreased. As 
a result, the acceleration sensor that is manufactured by 



use of MEMS is developed rapidly due to its advantages of 
good detection sensitivity and a low production cost. Ad- 
ditionally, among the above-mentioned kinds of accelera- 
tion sensors, the piezoresistiveacceleration sensor has 
advantages of a high output voltage and high detection 
sensitivity, while the piezoelectricacceleration sensor has 
advantages of high detection sensitivity, a low electro- 
magnetic interruption, low power dissipation, high energy 
density, a fast response, and low sensitivity to an ambient 
environment. Accordingly, the piezoresistiveacceleration 
sensor and the piezoelectricacceleration sensor are usu- 
ally applied on microsensors and microactuators in the 
MEMS field. 

[0006] please refer to Fig.l. Fig.l is a sectional view of a conven- 
tional piezoresistive semiconductor acceleration sensor 
10. As shown in Fig.l, the piezoresistive semiconductor 
acceleration sensor 10 comprises an etched semiconduc- 
tor substrate 12, such as a single-crystal silicon substrate 
or a silicon-on-insulator (SOI) substrate. The etched 
semiconductor substrate 12 includes a beam section 14, 
an anchor section 16 for supporting the beam section 14, 
and a weight section 18 positioned on an edge of the 
beam section 14. Additionally, the piezoresistive semi- 



conductor acceleration sensor 10 further comprisesat 
least one piezoresistor 20 located in the beam section 14 
for being a sensing device of the piezoresistive semicon- 
ductor acceleration sensor 10, and a control circuit 22 po- 
sitioned in the etched semiconductor substrate 12 and 
electrically connected between the beam section 14 and 
the piezoresistor 20. The control circuit 22 mainly in- 
cludes a complementary metal-oxide semiconductor 
(CMOS), an amplifying circuit, or a logic circuit, and the 
control circuit 22 is used to receive, process, and transmit 
signals output from the piezoresistor 20. 
[0007] For forming the etched semiconductor substrate 12, an 

anisotropic etching process is performed to etch a reverse 
side of a semiconductor substrate through use of an 
etchant, such as potassium hydroxide (KOH), so as to 
form the beam section 14 and the weight section 18, 
whose areas and thickness conform to process require- 
ments. Additionally, a portion of the beam section 14 is 
implanted with boron (B) through use of a thermal diffus- 
ing method or an ion implantation process for forming the 
piezoresistor 20. Because the beam section 14 comprises 
single-crystal silicon, a p-n junction can be formed after 
the beam section 14 is implanted with boron (B), and the 



p-n junction forms the piezoresistor 20 that is used to 
measure a variation of pressure. 
[0008] when a vertical acceleration force is applied on the 

piezoresistive semiconductor acceleration sensor 10, a 
flexural vibration occurs in the piezoresistive semicon- 
ductor acceleration sensor 10 due to the much heavier 
weight section 18. Because of the flexural vibration, the 
piezoresistor 20 is deformed and a resistance of the 
piezoresistor 20 is therefore altered. Thereafter, the con- 
trol circuit 22 performs a signal process, such as signal 
amplification or temperature compensation, and the con- 
trol circuit 22 converts a resistance variation of thep- 
iezoresistor 20 into a differential signal. Finally, the con- 
trol circuit 22 outputs the differential signal. Therefore, 
the resistance variation of thepiezoresistor 20 that is di- 
rectly proportional to the acceleration force can be mea- 
sured, so that the acceleration force to be measured can 
be obtained. 

[0009] Additionally, the semiconductor acceleration sensor 10 
becomes a piezoelectric semiconductor acceleration sen- 
sor if the piezoresistor 20 is formed with a piezoelectric 
thin film, such as ZnO. The piezoelectric semiconductor 
acceleration sensoris driven according to the piezoelectric 



effect. As a vertical acceleration force is applied on the 
piezoelectric thin film, electric charges are generated at 
two ends of the piezoelectric thin film and the amount of 
the electric charges are directly proportional to the accel- 
eration force. Accordingly, the acceleration force can be 
obtained through measuring a variation of the electric 
charges. 

[0010] The conventional piezoresistive semiconductor accelera- 
tion sensorand the conventional piezoelectric semicon- 
ductor acceleration sensor are both composed of single 
crystal silicon, so that the conventional semiconductor ac- 
celeration sensor 10 has good detection sensitiv- 
ity.However, a cost of single-crystal silicon is so high that 
it costs a lot to form the conventional semiconductor ac- 
celeration sensor lO.Additionally, since the piezoresistor 
is formed through use of a thermal diffusing method or 
an ion implantation process in the prior art, the p-n junc- 
tion is formed between the piezoresistor and the beam 
section of single-crystal silicon. Nevertheless, leakage 
currents are usually generated near the p-n junction, thus 

disturbing an operation of the sensor. 
Summary of Invention 

[0011] it j S therefore a primary objective of the claimed invention 



to provide a semiconductor acceleration sensor with a low 
production cost and capable of reducing the above- 
mentioned leakage currents. 

[0012] According to the claimed invention, a semiconductor ac- 
celeration sensor is provided. The semiconductor acceler- 
ation sensor comprises a non-sin- 
gle-crystal-silicon-based substrate, an insulating beam 
structure having a movable section and a stationary sec- 
tion, at least one piezoresistor positioned on the beam 
structure, an insulating supporter positioned on the non- 
single-crystal-silicon-based substrate for fixing the sta- 
tionary section of the beam structure and forming a dis- 
tance between the beam structure and the non-sin- 
gle-crystal-silicon-based substrate, and a thin film tran- 
sistor (TFT) control circuit positioned on the non-sin- 
gle-crystal-silicon-based substrate and electrically con- 
nected to the piezoresistor and the beam structure. 

[0013] it is an advantage over the prior art that the semiconduc- 
tor acceleration sensor of the claimed invention is formed 
on the non-single-crystal-silicon-based substrate, such 
as a glass substrate or other insulating substrates, thereby 
effectively reducing prime costs of raw materi- 
als.Additionally, the piezoresistor is composed of polysili- 



con, so that the claimed invention can avoid generating 
leakage currents, and improve detection sensitivity and 
accuracy. 

[0014] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment, which is illustrated in the multiple 

figures and drawings. 
Brief Description of Drawings 

[0015] pig.l is a sectional view of a conventional piezoresistive 

semiconductor acceleration sensor. 

[0016] pig. 2 is a sectional view of a piezoresistive semiconductor 

acceleration sensor according to the present invention. 
Detailed Description 

[0017] please refer to Fig. 2. Fig. 2 is a sectional view of a piezore- 
sistive semiconductor acceleration sensor 30 according to 
the present invention. As shown in Fig. 2, the piezoresis- 
tive semiconductor acceleration sensor 30 mainly com- 
prises a non-single-crystal-silicon-based substrate 32, 
an insulating cantilever beam structure 34 including a 
beam section 36 having a movable section and a station- 
ary section, and a supporter 38 positioned on the non- 



single-crystal-silicon-based substrate 32 and connected 
to the stationary section of the beam section 36. Addi- 
tionally, the piezoresistive semiconductor acceleration 
sensor 30 further comprises a weight section 40 posi- 
tioned on an edge of the cantilever beam structure 34, at 
least one piezoresistor 42 positioned on the beam section 
36 of the cantilever beam structure 34, and a control cir- 
cuit 44, such as a thin film transistor (TFT) control circuit, 
positioned on the non-single-crystal-silicon-based sub- 
strate 32. The TFT control circuit 44 is electrically con- 
nected to the piezoresistor 42 and the cantilever beam 
structure 34for receiving, processing, and transmitting 
signals output from the piezoresistor 42. Furthermore, if 
the piezoresistor 42 is replaced with a piezoelectric thin 
film (not shown in Fig. 2), the semiconductor acceleration 
sensor of the present invention is a piezoelectric semi- 
conductor acceleration sensor. 
[0018] | n the preferred embodiment of the present invention, the 
non-single-crystal-silicon-based substrate 32 is com- 
posed of glass. Because the glass substrate 32 has a low 
melting point, the TFT control circuit 44 has to be a low 
temperature polysilicon (LTPS) TFT control circuit, which 
can be formed at a low temperature, thereby preventing 



the glass substrate 32 from being damaged due to a high 
temperature. Additionally, the non-sin- 
gle-crystal-silicon-based substrate 32 can be a quartz 
substrate in another embodiment of the present inven- 
tion. Owing to a high melting point of the quartz sub- 
strate 32, the TFT control circuit 44 can be a high temper- 
ature polysilicon TFT control circuit. In addition, the beam 
section 36 of the cantilever beam structure 34, the sup- 
porter 38, and the weight section 40 can be formed si- 
multaneously or can be formed separately. The cantilever 
beam structure 34 and the weight section 40 can be com- 
posed of insulating materials, such as silicon dioxide. The 
piezoresistor 42 is composed of doped polysilicon, and 
the piezoresistor 42 can be formed through use of e- 
beam evaporation or RF sputtering. The piezoelectric thin 
film comprises ZnO, BaTi0 3 , or PbZrTi0 3 (PZT), and the 
piezoelectric thin film can be formed through use of e- 
beam evaporation, RF sputtering, a sol-gel method, or 
metallo-organic decomposition (MOD). Among the above- 
mentioned methods of forming the piezoelectric thin film, 
the MOD can produce a piezoelectric thin film with thicker 
thickness, good surface properties, and good piezoelec- 
tric characteristics. 



[0019] Likewise, an acceleration force can be measured by the 
piezoresistor semiconductor acceleration sensor 30 
through detecting a resistance variation of the piezoresis- 
tor 42. Additionally, the piezoelectric semiconductor ac- 
celeration sensor is a resonant force sensor that is driven 
according to the piezoelectric effect. The piezoelectric 
semiconductor acceleration sensor utilizes the piezoelec- 
tric thin film as a transducer, which is used to detect sig- 
nals and drive the beam section 36 to resonate. Further- 
more, an area of the piezoelectric thin film can be modi- 
fied to reduce electrical crosstalk, thereby optimizing a 
detection characteristic of the sensor. The operation of 
the semiconductor acceleration sensor 30 is the same as 
that of the conventional semiconductor acceleration sen- 
sor 10, and is thereby omitted. 

[0020] it should be noticed that although the control circuit 44 is 
formed on the glass substrate 32 in the preferred embod- 
iment of the present invention, the present invention is 
not confined to that. The control circuit 44 also can be 
formed on a printed circuit board (PCB) (not shown) and 
be electrically connected to the cantilever beam structure 
34 and the piezoresistor 42 via a flexible printed circuit 
(FPC) board (not shown). Alternatively, the control circuit 



44, maybe including a plurality of integrated circuit (IC) 
chips, can be directly formed on a FPC board, and the 
control circuit 44 is electrically connected to the cantilever 
beam structure 34 and the piezoresistor 42 via the FPC 
board. Furthermore, a surface of the non-sin- 
gle-crystal-silicon-based substrate 32 further comprises 
a TFT display area (not shown) for displaying a variation of 
pressure detected by the semiconductor acceleration sen- 
sor 30, thereby making it convenient for users to measure 
a variation of pressure and to observe measuring results. 
[° 021 ] In comparison with the prior art, the piezoresistive semi- 
conductor pressure sensor and the piezoelectric semicon- 
ductor pressure sensor of the present invention are 
formed on the glass substrate or other insulating sub- 
strate, so that prime costs of raw materials can be re- 
duced considerably. Additionally, the piezoresistor is 
composed of polysilicon or other piezoelectricmaterials 
and the piezoresistor can be formed on the beam section 
through use of evaporation, so that the piezoresistor of 
the present invention can have a better piezoelectric coef- 
ficient and can be bent more largely, thereby avoiding 
generating leakage currents and improving detection sen- 
sitivity and accuracy. 



[0022] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bound of the appended claims. 



